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1 Introduction
Fighter aircraft are mostly designed to carry stores such as
a launcher or an external tank under the wing. When these
stores are installed, the flow on its surrounding components
such as the control surfaces can be considerably changed.
This may introduce several aerodynamic interference charac-
teristics such as changes in aerodynamic force, increase in
turbulence and possibly flow separation. These phenomena
may cause an adverse effect on other aircraft components
such as the horizontal tail and vertical stabilizer, and conse-
quently may affect the controllability and stability of the
aircraft. Research on external store installation is complex
and extensive. It covers several research areas such as aero-
dynamics, structure, flutter, physical integration, trajectory
prediction, aircraft performance, stability analysis and several
multiple engineering disciplines. However, the focus of this
work was to study the aerodynamic interference particularly
on the change in aerodynamic characteristics. The aerody-
namic characteristics are a prerequisite for the other analysis,
since the aerodynamic data are required for a subsequent
aircraft structural analysis, stability analysis, performance
analysis and store trajectory analysis. Investigations of the
aerodynamic characteristics in the external store clearance
program usually involve a complex flow field study with multi
component interferences. Flow of such a nature is usual-
ly investigated through wind tunnel testing and empirical
methods.
The main objective in this study was to identify the
interference effect of a subsonic fighter aircraft that is
currently used by Royal Malaysian Air force with the pres-
ence of an external store installation. A generic model of
one of the subsonic fighter aircraft used by Royal Malay-
sian Air Force was chosen for the study. Wind tunnel
testing and computational fluid dynamics (CFD) simula-
tion were conducted to investigate these interference
effects. A low speed wind tunnel with a working section of
0.45 m×0.45 m was used to conduct the experiments and
commercial CFD software was used for the simulation.
Other milestones in this study include the verification and
validation process and the suitability of applying a com-
mercial CFD code for predicting the wing and external
store aerodynamic interference effects.
2 Simulation and experimental works
The methodology adopted to conduct the study con-
sists of several steps. The first and foremost was to obtain
the digitized wing section geometry. The digitization pro-
cess was done using Photomodeller software. The next
step was to construct a scale model of the wing based on
the digitized wing geometry using Numerical Control
Machine (CNC). Then several series of experiments were
carried out upon the scale model in the wind tunnel at a
low speed of approximately 22.8 m/s. The digitized wing
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geometry was also used in the CFD simulation. Gambit
preprocessor software was used to produce the necessary
mesh. The setup was then simulated using Fluent 5 CFD
software and the CFD simulation was carried out with vari-
ous physical models, numerical algorithms, a discretiza-
tion method and boundary conditions. In the final step,
the study was wrapped up by comparing the computed
and measured results in a further investigation of the
nature of the interference effect of a wing and external
store configuration.
3 Aircraft wing external geometry
digitization
Digitization of the wing geometry was vital in order to
obtain an adequate aircraft model geometry representing
the real aircraft Photomodeler 3.0 software was used to
capture and digitize the aircraft wing external geometry.
The software captured the image of 84 photographs taken
at various angles of the aircraft wing. These photos were
taken using a digital camera. A number of points were
marked on the aircraft wing and the adjacent fuselage part
using masking tape, as shown in Fig. 1. The size of the
markers was designed to ensure clear and sharp visibility
in photographs taken from a certain distance. This was
determined using the relationship between the number of
pixels and the distance from the camera. The placement
and location of the markers were determined based on the
profile of the wing. The high curvature area was placed
with denser markers. This figure also shows part of the
total of 84 photographs used to generate the wing profile
and some part of the fuselage.
The output from the digitization process was a set of
coordinates conforming to the wing geometry, as shown
in Fig. 2. Most of the coordinates were on the wing sur-
face and wingtip pylon. Unfortunately, the wing geometry
image was not of high quality in terms of accuracy and per-
fection. Therefore, CAD software was used to smooth the
image. After minor adjustments were made, the image be-
came as in Fig. 3.
Wind Tunnel Testing
A wing model is required for wind tunnel testing.
Therefore, a 20 % scale wing model of a fighter aircraft
was fabricated with the use of a CNC machine. The model
was made from a single solid piece of aluminum-alloy
with nine conduits each on the upper and lower surface.
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Fig. 1: Photographs of the marked wing surface at the various projection
Fig. 2: Aircraft geometry produced by Photomodeller
Fig. 3: Digitized wing geometry smoothed with the use of CAD
Fig. 4 shows the semi-span model of a generic fighter
aircraft taken from the digitized geometry produced by
Photomodeller.
The figure indicates three main parts of the wing: the root
section, the mid section and the tip section. Since the external
store was installed on the mid section, it was decided to fabri-
cate only this section. Furthermore, it was not feasible to test
the full set of the wing model, due to the limitation of the size
of the wind tunnel test section. The model has three main
stations for pressure measurement study located at the chord
are parallel to each other and placed at with equal distances.
Every station was equipped with static pressure-taping points
on the upper and lower surface, respectively. Besides fabricat-
ing the mid wing model, a 1/5 scale model of a launcher and
a pylon as the external stores were also fabricated. These
external stores were designed in such a way that they can be
easily secured and removed from the wing section. Fig. 5
shows the complete assembly of this aircraft wing together
with the external stores inside the test section. The test was
conducted using two different configurations of the wing
model. The first configuration was without the external store,
while, the second configuration was with the external store in-
stalled. Both configurations were tested at zero angle of attack
at two different speeds: 22 m/s and 27 m/s. In this study, the
wing model was tested in an open suction type low speed
wind tunnel with a working section of 0.45 m×0.45 m. Pres-
sure measurement was carried out using a multi-channel
manometer. The wing model was designed in such a way that
there were three static pressure holes on each three different
span wise stations sharing a single tube.Hence, during the ex-
periment the pressure was taken on a station by station basis
and the remaining 2 pressure holes were closed using a thin
tape. To avoid a higher flow separation between the model
and wall at higher angle of attack, the test with the store in-
stalled was carried out at zero angle of attack only.
Computational fluid dynamic simulation
In the CFD simulation, the mid wing was simulated un-
der two different conditions. In the first condition, the mid
wing was meshed into 111 239 elements, while in and the
second condition it was meshed into 221 112 elements, as
shown in Fig. 6a and 6b. The flow was simulated at speed
22 m/s, incompressible flow and was considered laminar.
Fig. 6c shows the simulation for a wing with external stor-
age with 122 158 elements. Fig. 7 below shows the simula-
tion results for the mid wing that was generated with two
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Fig. 4: Semi span model of a generic fighter aircraft
Fig. 5: Model installation inside the wind tunnel
(a) Mesh for wing in tunnel 111,239
elements
(b) Mesh for wing in tunnel, 221,112
elements
(c) Mesh for wing and store in tunnel, 122,158 elements
Fig. 6: CFD model surface meshes
different elements. This implies that the simulation at
around 120 000 elements was acceptable.
Results
Wind tunnel testing results
After a series of experiments had been conducted, the
pressure distribution at mid span for the upper and lower
surfaces was plotted, as shown in Fig. 8.
From these results it was found that at station 1 the dif-
ference in pressure coefficient is only 3 % on the upper
surface of the wing compared to the lower surface, due to
the external store installations. There are substantial dif-
ferences in pressure coefficient on the lower surface with
the external store configuration. Station 2 and 3 indicate
the same phenomenon and that there is a small difference
in pressure distribution on the upper surface. The lower
surface shows some reduction in pressure distribution.
These experimental results give an initial indication that
the flow on the upper surface will not be severely affected
by the external storage configuration compared to the
lower surface.
Computational fluid dynamics results
Fig. 9 shows the results of CFD simulation on the upper
and lower surfaces of the wing of this aircraft. At station 3,
it is shown that the pressure coefficient is almost constant
and unchanged from the leading edge to trailing edge on
the upper surface, and the value does not change very
much with the external store installation. This shows that
the external store did not affect the flow on the upper sur-
face. In contrast the pressure coefficient shows a significant
change on the lower surface with the external store com-
pared to the clean wing configuration. This result showed
that the external storage only affected the lower surface.
The same phenomenon also occurs at station 1 where the
coefficient of pressure has not changed at the upper sur-
face but there is some reduction in the pressure coefficient
distribution on the lower surface compared to the upper
surface. The results at station 2 are the same.
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Fig. 7: Pressure distributions at the mid span for upper and lower
surface
PRESSURE DIST - STATION 2
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6
0 0.2 0.4 0.6 0.8 1
X/C
-C
P
UPPER-CLEAN
LOWER-CLEAN
UPPER-STORE
PRESSURE DIST - STATION 2
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6
0 0.2 0.4 0.6 0.8 1
X/C
UPPER-CLEAN
LOWER-CLEAN
UPPER-STORE
PRESSURE DIS - STATION 1
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
0 0.2 0.4 0.6 0.8 1
X/C
UPPER-CLEAN
LOWER-CLEAN
UPPER-STORE
LOWER-STORE
Fig. 8: Pressure distribution for a various chord wise location surrounding the store (experiment)
5 Analysis and discussion
Comparison between CFD and experimental
works
The study shows that the value of the pressure coefficient
predicted by simulation compared well to that performed in
the experimental study. There is an average difference of
about 19% between the two values. In the experimental study,
a problem during the setup of the experiment such as mis-
alignment in determining the angle of attack, accuracy of the
model, blockage effects and wind tunnel calibration can sig-
nificantly influence the result. Though the wing was ma-
chined accurately by the computer numerical control (CNC),
there was still some doubt about the accuracy of the model.
Moreover, the fluid level of the manometer used for measur-
ing the pressure fluctuated constantly between 2 to 3 mm.
Discussion
In the study we observed that the external store configura-
tion only affects the lower surface of the wing. Fig. 10 shows
the pressure distribution at the quarter chord point along the
span wise location from the tip to the root. On the upper sur-
face, the pressure distribution is almost constant in the span
wise direction, which is from the tip to the root of the wing.
The pressure coefficient on the lower surface was reduced by
40 % compared to the upper surface. With the external store
installed, the pressure distribution on the lower surface was
increased to around 20 % compared to the clean wing config-
uration. There was a sudden increase in pressure distribution
at the position of 0.2 span wise location, where the external
storage was mounted to the wing. Fig. 11 shows the results of
the simulated aerodynamic force coefficient at zero angle of
attack, Reynolds number of 1.86×105 and Mach number
0.067. This figure shows the simulated value of the lift
coefficient and drag coefficient for the wing alone and the
wing with the store configuration. It should be noted here
that the external storage decreased the total coefficient of
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Fig. 9: Pressure coefficient at three different span wise locations (CFD)
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Fig. 10: External store interference on pressure distribution
lift from 0.2528 to 0.1767 and increased the coefficient of
drag from 0.0146 to 0.0318. This shows that the store in-
stallation significantly influenced the drag coefficient
compared to the lift coefficient.
In this initial stage of research, the wind tunnel test was
carried out at a speed of 22.8 m/s corresponding to a
Reynolds number of 1.86×105, which was low for a fighter
aircraft. However, the test was meant to validate the CFD
simulation, which was performed on the wing and store
configuration at the same Reynolds number. In order to
perform an experimental and simulation study as close as
possible to the real situations the Reynolds number simi-
larity has to be increased to an order of several million.
This will be performed in the next phase of the study in
a bigger wind tunnel facility with a working section of
2 m×1.5 m.
6 Conclusion
In conclusion, the main objective in this project was
achieved. It has been shown that CFD simulation is an impor-
tant tool for investigating the influence of store interference
characteristics for a subsonic fighter aircraft. The static pres-
sure measured around the wing was about 19 % higher than
the simulated values. The results show that the flow over the
upper surface of the wing was not much affected when the
pylon and launcher were installed. The study also shows that
the flow over the lower surface was much more affected by the
presence of the external store. The methods for determining
the influence of stores on the wing will be used to simulate the
full size of this fighter aircraft with real size external store. The
ongoing project is to compare the full CFD model of this
fighter aircraft with the wind tunnelmodel that was tested in a
bigger wind tunnel facility of working section 2 m×1.5 m at
Universiti Teknologi Malaysia.
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Wing Wing-Store
Pressure Viscous Total Pressure Viscous Total
Lift Coeff. 0.2528 Negligible 0.2528 0.1767 Negligible 0.1767
Drag Coeff. 0.0128 0.0018 0.0146 0.0295 0.0024 0.0318
Fig. 11: Simulated aerodynamic forces,   0, Re  1.86×105, M  0.067
